The recent report by Bivins (1) on the successful cultivation of the wart agent on the chorioallantoic membrane (CAM) of embryonated hen's eggs and the report by Strauss, Bunting and Melnick (2) on the electron microscopy of elementary virus bodies in wart tissue prompted the undertaking of similar and extended experiments in this laboratory.
The recent report by Bivins (1) on the successful cultivation of the wart agent on the chorioallantoic membrane (CAM) of embryonated hen's eggs and the report by Strauss, Bunting and Melnick (2) on the electron microscopy of elementary virus bodies in wart tissue prompted the undertaking of similar and extended experiments in this laboratory.
Felsher (3) had ground up 3 warts in saline and had inoculated the material on the chorioallantoic membrane of ten 7 to 14 day-old chick embryos. He observed no growth and concluded that the developing chick embryo was not a suitable medium for culturing verruca vulgaris. Bivins (1) ground up the single primary wart of a series of 17 warts which had developed on his right hand during a period of about 2 years and observed the appearance of raised whitish "pearl" growths on the CAM of 10-day old embryos inoculated with this suspension. The Berkefeld "V" filtrate of a second passage membrane caused similar lesions as the unifitered material. Bivins surmised, therefore, that he had cultured a viral agent from verruca vulgaris.
EXPERIMENTAL METHODS AND RESULTS
Ten-day old White Leghorn embryonated hen's eggs were used for all egg inoculations. The common warts, obtained entirely from students at the University of California, were removed, under local anesthesia, aseptically by curettage and stored in sterile vials at -22°C. until ready for use. The venereal wart, condyloma acuminatum, obtained from a case of massive infection involving the corona of the penis in a patient of Dr. Herman Allington. The clinical diagnosis was substantiated by microscopic examination of the tissue. Two types of tissue cultures, HeLa cells and monkey kidney cells, were employed. The HeLa cells stemmed originally from a human cancer of the cervix (4). These and the monkey kidney cells were prepared and cultivated as previously described by others (4, 5) and the culture tubes kept in stationary drums.
Six warts, selected at random from a pooi of about 50 warts, were ground up with sterile sand in 5 ml. of nutrient broth. Following centrifugation at 2000 r.p.m. for 15 minutes, 0.2 ml. amounts of the supernatant were inoculated on the CAM of each of 10 eggs; and the eggs were then incubated at 36°C. Examination of the embryos and membranes 6 days later revealed no differences from the control eggs which had been inoculated with nutrient broth. The membranes were harvested nevertheless and pooled, and the supernatant was introduced onto the CAM of 5 embryonated eggs. On the sixth day, 1 membrane which appeared slightly thickened, was harvested and passed into 8 eggs. The results of this passage were completely negative.
Since Strauss et al (6) had found that elementary bodies and histological changes could most readily be demonstrated in warts of short duration, further wart passages in eggs were undertaken with verrucae of about 2 months duration at time of removal. For these experiments 2 to 4 warts from the hands of each of 6 individuals were prepared and the supernatants from each were inoculated into 5 eggs as described. After 5 to 6 days incubation very little change could be observed. Where there was the slightest suspicion of abnormality the membranes were harvested and further passaged. However, all such subsequent passages were negative.
The tissue of the condyloma acuminatum was treated in a similar manner as that described for the common wart. The results, here, were likewise negative, two successive egg passages being completely uneventful.
For the tissue culture experiments, warts were ground up in nutrient medium mixture 199 (7) containing 100 units of penicillin and 50 tg dihydrostreptomycin per ml. Two-tenths mL amounts of the supernatant were added to each of 5 HeLa culture tubes, followed after 30 minutes by 0.8 ml. of mixture 199 containing 1 % normal chicken serum in addition to antibiotics. Controls were set up using the experimental medium without virus. All tubes were then incubated at 37°C. After 5 days, only 1 tube manifested any cytopathogenic effects as noted by excessive granulation and rounding up of the cells. The supernate of this tube was passed into 5 fresh HeLa cultures. Within 5 days varying degrees of cytopathogenicity were observed in all tubes. These were harvested, pooled and further inoculated into fresh HeLa tubes. However, very little to no cytopathogenicity was observed in this third passage even after 7 days. A subsequent passage of pooled material from 4 of these tubes again resulted in negligible cellular destruction. The pooled supernate from the second HeLa passage was likewise inoculated into monkey kidney culture tubes but elicited no cytopathogenic effects. Two out of 10 monkey kidney cultures inoculated with condyloma acuminatum preparations showed some cytopathogenicity in about 6 days, but a second passage was completely negative.
For purpose of electron microscopy, 30 common warts from a dozen individuals were ground up with sterile sand in 15 ml. of double distilled water, centrifuged at 2000 r.p.m. for 20 minutes and the resulting supernatant further centrifuged in the cold at 6000 r.p.m. for 1 hour and 15 minutes. Both the 6000 r.p.m. supernatant fluid and the sediment resuspended in distilled water were sprayed on collodion-coated screens and shadow cast with uranium at an angle of 1:3. The presence of viral or uniform particles was not indicated in any of the fields studied. * * The authors are grateful to Mr. Joseph Toby in Professor Robley C. Williams' laboratory for the electron microscopy.
DISCUSSION AND COMMENT
The successful isolation by Bivins (1) of the wart agent on the chorioallantoic membrane of embryonated hen's eggs could not be repeated. This was true both for the common wart and for the condyloma acuminatum. Serial passages of these in eggs were entirely uneventful.
The cytopathogenic effects noted in occasional tubes in the earlier passages of the verrucae supernates in tissue culture may have been due to the presence of a toxic factor in the inoculum, or to some other nonspecific cause. The cytopathogenic effects could not be transmitted in subsequent passages, which would indicate a dilution rather than a replication of any agent which might have been present in the original suspension. Further examination for the possibility of viral proliferation in the absence of cellular degeneration was precluded by the lack of a feasible biological assay system.
In the investigation of Strauss, Bunting and Melnick (2) in which spherical virus-like particles were observed, the verrucae employed for electron microscopy were selected from those giving a histopathologic picture with characteristic intranuclear inclusion bodies and solid or vacuolated cytoplasmic masses in the rete cells. Only 5 out of 119 common warts or 4% showed such inclusion bodies and cytoplasmic masses. Strauss and his coworkers (6) also noted that while common warts of an average duration at the time of removal of 9.2 months showed inclusion bodies and cytoplasmic masses in only 4 % of the cases, plantar verrucae of 5.5 months' duration showed these bodies in 43 % of the warts. Blank et al (8) found cytoplasmic bodies in non-verrucous tissues and considered these to be non-specific changes. They observed characteristic nuclear inclusions in approximately one-half of all verrucae examined. Thus, it would seem that the negative findings described here, both with regard to cultivation and electron microscopy, might be attributed to the absence in the individual and randomlypooled wart samples of sufficient viral particles to be detected by the technics employed. It is suggested that further attempts to culture wart virus, in vivo or in vitro, should eclectically restrict the verrucae employed to those both of short duration and manifesting characteristic intranuclear inclusion bodies.
Such an approach is now in progress in this laboratory.
SUMMARY
Tinder the experimental conditions described, the viral agent causing verruca vulgaris and condyloma acuminatum could not be successfully cultivated either on the chorioallantoic membrane of the chick embryo or in tissue cultures of HeLa and monkey kidney cells. The negative findings in cultivation, as well as in electron microscopy, might be ascribed to random selection of warts used without prior knowledge of the histologic nature of the hyperplasia.
It is suggested that positive findings may be possible by selecting only those warts which demonstrate the presence of characteristic intranuclear inclusion bodies.
